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SURFACE-WATER QUALITY ASSESSMENT OF THE CLOVER CREEK
BASIN, PIERCE COUNTY, WASHINGTON, 1991-92

By Kathleen A. McCarthy

ABSTRACT

Increasing urbanization in the 67-square-mile Clover
Creek Basin has generated interest in the effects of
land-use changes on local water quality. To investigate
these effects, water-quality and streamflow data were col-
lected from 19 surface-water sites in the basin over a
16-month period from January 1991 through April 1992.
These data were used to understand the effects of surficial
geology, land-use practices, and wastewater disposal prac-
tices on surface-water quality within the basin. The basin
was divided into four drainage subbasins with dissimilar
hydrogeologic, land-use, and water-quality characteristics.

In the Upper Clover Creek subbasin, the high perme-
ability of surficial geologic materials promotes infiltration
of precipitation to ground water and thus attenuates the
response of streams to rainfall. Significant interaction
occurs between surface and ground water in this subbasin,
and nitrate concentrations and specific conductance val-
ues, similar to those found historically in local ground
water, indicate that sources such as subsurface waste-dis-
posal systems and fertilizers are affecting surface-water
quality in this area.

In the Spanaway subbasin, the presence of Spanaway
and Tule Lakes affects water quality, primarily because of
the reduced velocity and long residence time of water in

the lakes. Reduced water velocity and long residence
times (1) cause settling of suspended materials, thereby
reducing concentrations of suspended sediment and con-
stituents that are bound to the sediment; (2) promote bio-
logical activity, which tends to trap nutrients in the lakes;
and (3) allow dispersion to attenuate peaks in discharge
and water-quality constituent concentrations.

In the North Fork subbasin, the low permeability of
surficial geologic materials and areas of intensive land
development inhibit infiltration of precipitation and thus
promote surface runoff to streams. Surface pathways pro-
vide little attenuation of storm runoff and result in rapid
increases in stream discharge in response to rainfall. Sub-
stantial increases in concentrations of constituents associ-
ated with surface wash off, for example, suspended
sediment, ammonia, phosphorus, and fecal coliform, also
were observed in this subbasin during rainfall.

In the Lower Clover Creek subbasin, which is the
most downstream subbasin, stream-discharge and water-
quality characteristics show the integrated effects of the
entire basin. The data show that further characterization
of local ground water and discharge from stormwater out-
falls entering Clover Creek and its tributaries would be
necessary to successfully apply a numerical water-quality
model to the basin.



INTRODUCTION

The Clover Creek Basin, located in central Pierce
County, Wash., (fig. 1) is characterized by a variety of
land-use categories. Land use within the basin currently
ranges from rural areas of forest and grass to densely pop-
ulated residential and commercial areas, but urbanized
areas are expanding. Further land development within the
basin will likely affect the characteristics of stormwater
runoff and hence may alter the quality of receiving streams
and lakes. This study was implemented to assess current
water-quality conditions and improve understanding of the
effects of various land-use practices on surface-water
quality within the Clover Creek Basin.

Background

Numerous investigations over the past few decades
have shown that stormwater runoff from developed areas
commonly contains higher concentrations of such constit-
uents as nitrogen and phosphorus compounds, metals, and
bacteria than runoff from pristine landscapes (Omernik,
1976; Bedient, Harned, and Characklis, 1978; Griffin and
others, 1978; Rimer, Nissen, and Reynolds, 1978; Helsel
and others, 1979; Olivieri, 1980; U.S. Environmental
Protection Agency, 1983; Blumberg and Bell, 1984;
Driver and Tasker, 1988). In addition to influencing water
quality, modifications in land use can alter the hydrologic
response of a basin to rainfall, thereby affecting both the
overall quantity and temporal distribution of stormwater
runoff (Savini and Kammerer, 1961; Seaburn, 1969;
Anderson, 1970). Such changes in the quality and quan-
tity of stormwater runoff may, in turn, alter the quality of
receiving water bodies.

The U.S. Environmental Protection Agency’s
(USEPA) Nationwide Urban Runoff Program (U.S.
Environmental Protection Agency, 1983) is the most geo-
graphically extensive study, to date, that focuses on the
effects of urbanization on the quality of stormwater runoff.
One of the conclusions of the USEPA study was that the
quality of stormwater runoff, even among sites that drain
areas of similar land use, varies considerably. This varia-
tion suggests that the factors controlling the quality of
urban runoff are numerous, complex, and often site spe-
cific. Therefore, effective management and protection of
water resources within the Clover Creek Basin requires an
understanding of the factors that control local runoff char-
acteristics.

Purpose and Scope

This report (1) describes the spatial and temporal
water-quality characteristics of Clover Creek and its tribu-
taries, (2) provides an understanding of the influence of
land use and other basin characteristics on stormwater run-
off and hence surface-water quality throughout the basin,
and (3) identifies and discusses supplementary data that
would be necessary to develop a robust numerical model
of water quality in the basin.

The spatial and temporal water-quality characteristics
of the Clover Creek Basin were investigated by sampling
streams and precipitation over a 16-month period, from
January 1991 through April 1992. Data were collected
from 19 surface-water sites and 2 precipitation-collection
sites in the basin. These data, along with historical data
available for two sites within the basin provided an under-
standing of the influence of surficial geology, local land
use, and wastewater disposal practices on surface-water
quality within the basin. This understanding was then
used to identify additional supplementary data that would
be necessary for successful numerical modeling of water
quality in the basin. This work was done in cooperation
with the Surface Water Management Utility of the Pierce
County Public Works Department.

Related Investigations

Previous investigations of the water resources of the
Clover Creek Basin have contributed to an understanding
of the basin hydrology and provided important historical
information. These investigations include an assessment
of ground- and surface-water quality (Littler, Aden, and
Johnson, 1981), a study of the basin hydrogeology (Brown
and Caldwell Consultants, 1985), and the development of
a ground-water management program (Brown and
Caldwell Consultants, 1991). Relevant findings from
these investigations will be discussed later in this report.

Concurrent with the study reported here, an investiga-
tion of the rainfall-runoff characteristics of the Clover
Creek Basin was done by Mastin (1996). A key focus of
that study was to assess the influence of changes in land
use on the hydrologic response of the basin. The informa-
tion on stream discharge, land use, and surficial geology
collected as part of Mastin’s 1995 (1996) study was used
in the current study as well.

































During a nationwide investigation of urban-runoff
quality, the USEPA found that the most prevalent priority
pollutants associated with urbanization were metals, par-
ticularly copper, lead, and zinc (U.S. Environmental
Protection Agency, 1983). Metals such as copper, lead,
and zinc are known hazards to many forms of aquatic life.
The USEPA study (1983) also concluded that bacteria
associated with human and animal feces, such as fecal
coliform and fecal streptococci bacteria, are another com-
mon constituent of urban runoff, particularly during
storms when they are washed off impervious surfaces. In
addition to being human pathogens, these bacteria also
serve as general indicators of water-quality degradation.

Along with the target constituents described above,
chloride, specific conductance, pH, temperature, and sus-
pended sediment were measured to provide further insight
into water-quality conditions in the basin. Supplemental
data collected on a limited basis included concentrations
of sulfate, fluoride, dissolved oxygen, and biochemical
oxygen demand. Samples for determination of the ele-
mental composition of bed-sediment materials were col-
lected on a single occasion at sites 330, 480, 500, and 602.
Samples for selected organic analyses were collected at
sites 430 and 460 (one occasion each), at sites 480 and 500
(three occasions each), and at site 602 (two occasions).

A complete listing of the constituents measured over the
course of the current study is provided in table 3. All
water-quality data collected over the course of the study,
including those from the secondary data-collection sites
and precipitation-collection sites, are presented in
Appendix A; table 3 indicates the table in Appendix A in
which data for each constituent can be found.

Sample Collection and Quality Assurance

Water samples were collected using the equal-width
increment method (Edwards and Glysson, 1988), and sam-
ple processing was done according to the methods of
M.A. Sylvester, L.R. Kister, and W.B. Garrett, W.B. (U.S.
Geological Survey, written commun., 1990). Specific con-
ductance, pH, temperature, and dissolved oxygen concen-
trations were determined in the field using standard U.S.
Geological Survey procedures (M.A. Sylvester,

L.R. Kister, and W.B. Garrett, U.S.Geological Survey,
written commun., 1990), and the methods of Britton and
Greeson (1987) were used for bacterial counts. All other
analyses were done by the U.S. Geological Survey’s
National Water Quality Laboratory (NWQL) in Arvada,
Colo. Fishman and Friedman (1989) and Wershaw and
others (1987) provide descriptions of the analytical proce-
dures used at the NWQL. In addition to the manual sam-
pling just described, automated monitors installed at two
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of the sites (355 and 500) provided hourly measurements
of stream discharge, specific conductance, temperature,
and pH.

Procedures used in the field to assure the quality of
data included processing of blank samples, collection of
duplicate samples, and frequent calibration of meters.
Blank samples were prepared by processing deionized
water in the same manner as stream samples. Duplicate
samples were collected on a random basis for analyses of
nitrogen and phosphorus compounds, chloride, sulfate,
fluoride, suspended sediment, bacteria, metals, and biolog-
ical oxygen demand. Specific conductance and dis-
solved-oxygen meters were calibrated once each day and
pH meters twice each day. In addition to the procedures
used in the field, standard quality-assurance procedures
were used at the NWQL.

The results of blank and duplicate sample analyses are
shown in Appendix B. Blank sample results show that
dissolved ammonia and chloride were the only constitu-
ents present in concentrations greater than the laboratory
reporting limit. Chloramines resulting from chlorination
of the blank water prior to distilling and deionizing were a
likely source of these constituents. Ammonia present in
the atmosphere is another likely source of ammonia in
blank water. Chloride concentrations in the blanks were
approximately one order of magnitude lower than stream
water and therefore did not pose a problem for this study.
The ammonia concentrations found in blank samples were
taken into consideration when ammonia data were inter-
preted.

In general, duplicate data pairs agree well. With the
exception of chloride, the largest discrepancies are associ-
ated with analyses that included undissolved constituents
(total ammonia plus organic nitrogen, total phosphorus,
suspended sediment, bacteria, and total metals). This
association is to be expected and reflects the fact that
undissolved constituents tend to be less uniformly distrib-
uted within water than dissolved constituents.

The results of the chloride analyses suggest the pres-
ence of a sampling, processing, or analytical problem. In
some cases, anomalously high chloride concentrations
(approximately an order of magnitude greater than the
concentrations reported in Appendixes A and B) were
traced to contamination from hydrochloric acid used to
clean equipment between collection and processing of
samples for metals analyses. These data were deleted
from the database. The cause of the discrepancies in the
chloride data pairs shown in Appendix B is unknown.
Therefore, chloride data were considered to be approxi-
mate.



Table 3.--Water-quality constituents measured in the Clover Creek Basin, 1991-92

Data Laboratory
location in parameter

Constituent name Appendix A code

Instantaneous stream discharge (cubic feet per second) Table Al 00061
Specific conductance (microsiemens per centimeter at 25 degrees Celsius) Table Al 00095
Suspended sediment (milligrams per liter) Table A1 80154
Chloride, dissolved (milligrams per liter as chloride) Table Al 00940
Sulfate, dissolved (milligrams per liter as sulfate) Table Al 00945
Fluoride, dissolved (milligrams per liter as fluoride) Table Al 00950
Dissolved nitrite plus nitrate (milligrams per liter as nitrogen) Table A2 00631
Ammonia, dissolved (milligrams per liter as nitrogen) Table A2 00608
Total ammonia plus organic nitrogen (milligrams per liter as nitrogen) Table A2 00625
Nitrite, dissolved (milligrams per liter as nitrogen) Table A2 00613
Orthophosphate, dissolved (milligrams per liter as phosphorus) Table A2 00671
Phosphorus, total (milligrams per liter as phosphorus) Table A2 00665
Water temperature (degrees Celsius) Table A3 00010
pH (standard units) Table A3 00400
Fecal coliform, (colonies per 100 milliliters) Table A3 31625
Fecal streptococci (colonies per 100 milliliters) Table A3 31673
Oxygen, dissolved (milligrams per liter) Table A3 00300
Biochemical-oxygen demand, 5-day at 20 degrees Celsius (milligrams per liter) Table A3 00310
Biochemical-oxygen demand, ultimate (milligrams per liter) Table A3 00320
Copper, dissolved (micrograms per liter as copper) Table A4 01040
Copper, total recoverable (micrograms per liter as copper) Table A4 01042
Lead, dissolved (micrograms per liter as lead) Table A4 01049
Lead, total recoverable (micrograms per liter as lead) Table A4 01051
Zinc, dissolved (micrograms per liter as zinc) Table A4 01090
Zinc, total recoverable (micrograms per liter as zinc) Table A4 01092
Aluminum (percentl) Table AS 34792
Arsenic (micrograms per gram') Table A5 34802
Barium (micrograms per graml) Table AS 34807
Beryllium (micrograms per graml) Table A5 34812
Bismuth (micrograms per gram?) Table AS 34817
Cadmium (micrograms per gram') Table A5 34827
Calcium (percentl) Table A5 34832
Cerium (micrograms per gram') Table A5 34837
Chromium (micrograms per gram) Table AS 34842
Cobalt (micrograms per graml) Table A5 34847
Copper (micrograms per graml) Table A5 34852
Europium (micrograms per gram') Table A5 34857
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Table 3.--Water-quality constituents measured in the Clover Creek Basin, 1991-92--Continued

Data Laboratory
location in parameter

Constituent name Appendix A code

Gallium (micrograms per graml) Table AS 34862
Gold ((micrograms per graml) ) Table AS 34872
Holmium (micrograms per graml) Table A5 34877
Iron (percentl) Table AS 34882
Lanthanum (micrograms per gram') Table AS 34887
Lead (micrograms per gram') Table A5 34892
Lithium (micrograms per gram') Table A5 34897
Magnesium (percentl) Table AS 34902
Manganese (micrograms per gram!) Table A5 34907
Molybdenum (micrograms per graml) Table AS 34917
Neodymium (micrograms per graml) Table AS 34922
Nickel (micrograms per graml) Table A5 34927
Niobium (micrograms per gram") Table AS 34932
Phosphorus (percentl) Table A5 34937
Potassium (percentl) Table AS 34942
Scandium (micrograms per graml) Table AS 34947
Silver (micrograms per gram') Table AS 34957
Sodium (percent’) Table AS 34962
Strontium (micrograms per graml) Table AS 34967
Tantalum (micrograms per graml) Table AS 34977
Thorium (micrograms per gram!) Table A5 34982
Tin (micrograms per gram") Table A5 34987
Titanium (percentl) Table AS 34992
Uranium (micrograms per graml) Table A5 35002
Vanadium (micrograms per graml) Table A5 35007
Yttrium (micrograms per graml) Table AS 35012
Ytterbium (micrograms per graml) Table A5 35017
Zinc (micrograms per gram') Table A5 35022
Dibromomethane, water, whole, recoverable (micrograms per liter) Table A6 30217
Dichlorobromomethane, total (micrograms per liter) Table A6 32101
Carbon tetrachloride, total (micrograms per liter) Table A6 32102
1,2-Dichloroethane, total (micrograms per liter) Table A6 32103
Bromoform, total (micrograms per liter) Table A6 32104
Chlorodibromomethane, total (micrograms per liter) Table A6 32105
Chloroform, total (micrograms per liter) Table A6 32106
Toluene, total (micrograms per liter) Table A6 34010
Benzene, total (micrograms per liter) Table A6 34030
Acrolein, total (micrograms per liter) Table A6 34210
Acrylonitrile, total (micrograms per liter) Table A6 34215
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Table 3.--Water-quality constituents measured in the Clover Creek Basin, 1991-92--Continued

Data Laboratory
location in parameter

Constituent name Appendix A code

Chlorobenzene, total (micrograms per liter) Table A6 34301
Chloroethane, total (micrograms per liter) Table A6 34311
Ethylbenzene, total (micrograms per liter) Table A6 34371
Methylbromide, total (micrograms per liter) Table A6 34413
Methyichloride, total (micrograms per liter) Table A6 34418
Methylenechloride, total (micrograms per liter) Table A6 34423
Tetrachloroethylene, total (micrograms per liter) Table A6 34475
Trichlorofluoromethane, total (micrograms per liter) Table A6 34488
1,1-Dichloroethane, total (micrograms per liter) Table A6 34496
1,1-Dichloroethylene, total (micrograms per liter) Table A6 34501
1,1,1-Trichloroethane, total (micrograms per liter) Table A6 34506
1,1,2-Trichloroethane, total (micrograms per liter) Table A6 34511
1,1,2,2-Tetrachloroethane, water, unfiltered, recoverable (micrograms per liter) Table A6 34516
o-Chlorobenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 34536
1,2-Dichloropropane, total (micrograms per liter) Table A6 34541
1,2-trans-Dichloroethene, water, total (micrograms per liter) Table A6 34546
1,2,4-Trichlorobenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 34551
1,3-Dichloropropene, water, total (micrograms per liter) Table A6 34561
1,3-Dichlorobenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 34566
1,4-Dichlorobenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 34571
2-Chloroethylvinylether, total (micrograms per liter) Table A6 34576
Dichlorodifluoromethane, total (micrograms per liter) Table A6 34668
Naphthalene, total (micrograms per liter) Table A6 34696
1,3-trans-Dichloropropene, total (micrograms per liter) Table A6 34699
1,3-cis-Dichloropropene, total (micrograms per liter) Table A6 34704
Vinylchloride, total (micrograms per liter) Table A6 39175
Trichloroethylene, total (micrograms per liter) Table A6 39180
Hexachlorobutadiene, total (micrograms per liter) Table A6 39702
1,2-cis-Dichloroethene, water, whole, total (micrograms per liter) Table A6 77093
Styrene, total (micrograms per liter) Table A6 77128
1,1-Dichloropropene, water, whole, total (micrograms per liter) Table A6 77168
2,2-Dichloropropane, water, whole, total (micrograms per liter) Table A6 77170
1,3-Dichloropropane, water, whole, total (micrograms per liter) Table A6 77173
Pseudocumene, water, unfiltered, recoverable (micrograms per liter) Table A6 77222
Isopropylbenzene, water, whole, recoverable (micrograms per liter) Table A6 77223
n-Propylbenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 77224
Mesitylene, water, unfiltered, recoverable (micrograms per liter) Table A6 77226
o-Chlorotoluene, water, whole, total (micrograms per liter) Table A6 77275
p-Chlorotoluene, water, unfiltered, recoverable (micrograms per liter) Table A6 77277
n-Butylbenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 77342
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Table 3.--Water-quality constituents measured in the Clover Creek Basin, 1991-92--Continued

Data Laboratory

location in parameter
Constituent name Appendix A code
sec-Butylbenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 77350
tert-Butylbenzene, water, unfiltered, recoverable (micrograms per liter) Table A6 77353
p-Isopropyltoluene, water, whole, recoverable (micrograms per liter) Table A6 77356
1,2,3-Trichloropropane, water, whole, total (micrograms per liter) Table A6 77443
1,1,1,2-Tetrachloroethane, water, unfiltered, recoverable (micrograms per liter) Table A6 77562
1,2,3-Trichlorobenzene, water, whole, recoverable (micrograms per liter) Table A6 77613
1,2-Dibromoethane, water, whole, total (micrograms per liter) Table A6 77651
Xylene, water, unfiltered, recoverable (micrograms per liter) Table A6 81551
Bromobenzene, water, whole, total (micrograms per liter) Table A6 81555
Dibromochloropropane, water, whole, total recoverable (micrograms per liter) Table A6 82625

Concentration associated with streambed sediment finer than 63 micrometers in diameter.

RESULTS AND DISCUSSION OF
WATER-QUALITY ASSESSMENT

This section of the report addresses the two primary
objectives of the study—to describe the spatial and tempo-
ral water-quality characteristics of the basin and to provide
an understanding of the influence of basin characteristics
on water quality. First, a general discussion of the basin
characteristics will be provided. Second, the water-quality
data from each site will be presented and discussed in
terms of the specific characteristics of the associated sub-
basin or catchment area. Third, the water-quality charac-
teristics of the four subbasins and three catchment areas
will be compared and contrasted, and the reasons for simi-
larities and differences will be discussed. Fourth, the
results of assessments of nitrogen and phosphorus loading
to Steilacoom Lake will be presented. Finally, basin com-
pliance with water-quality standards set forth by the State
of Washington for dissolved oxygen, fecal coliform bacte-
ria, ammonia, copper, lead, and zinc will be assessed.

Basin Characteristics Affecting
Water Quality

The four characteristics that likely affect the quality
of water in the Clover Creek Basin most significantly are
the permeability of surficial geologic materials, land use,
sewage- and stormwater-disposal methods, and the pres-
ence of lakes within subbasins. Although water quality is
ultimately the result of complex, interrelated processes
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governed by these and many additional secondary charac-
teristics, these four characteristics were found to have spe-
cific, dominant effects that warrant discussion.

Permeability of Surficial Geologic Materials

The permeability of surficial geologic materials influ-
ences surface-water quality in two important ways. First,
the permeability of the land surface and shallow subsur-
face governs the extent to which precipitation will infil-
trate. Second, the permeability of the ground-water zone
determines the rate at which ground water and its water-
quality constituents move through the subsurface before
eventually being discharged as surface water.

Low-permeability materials, such as glacial tills,
inhibit infiltration, and in areas underlain by such materi-
als (fig. 3), storm runoff tends to flow directly to streams.
The potential attenuation of harmful constituents and peak
discharges afforded by movement through the subsurface
is therefore decreased. In contrast, infiltration occurs
readily into highly permeable materials such as glacial
outwash. In areas underlain by glacial outwash (fig. 3),
therefore, the subsurface may act as a buffer by filtering
out or sorbing various constituents, promoting dilution
through dispersion, and slowing water movement relative
to surface transport. In addition to attenuating peak flows
and concentrations, subsurface flow paths allow additional
time for chemical and biological transformations to alter
water quality.



Although movement through any porous medium pro-
vides attenuation relative to surface streamflow, the degree
of attenuation is influenced by the permeability of the
material. Effluent from on-site waste-disposal systems
and drywells constructed in highly permeable materials
can move relatively quickly through the subsurface, and
many associated water-quality constituents may be readily
transported to streams in local discharge areas. Con-
versely, percolation from waste-disposal systems con-
structed in low-permeability materials will be inhibited,
and effluent from shallow systems may follow surface, or
near surface, pathways. In these cases, the attenuating
effects of subsurface transport on the effluent from
waste-disposal systems will be limited.

Land Use

Land-use practices typically affect water quality
through two important mechanisms. First, several constit-
uents that have the potential to degrade water quality are
associated with particular land uses. For example, resi-
dential areas, parks, golf courses, and agricultural areas
produce substantial amounts of nitrogen and phosphorus
from domestic sewage, fertilizers, and wastes from ani-
mals such as cattle, dogs, cats, ducks, and rodents. Animal
feces are also a source of bacteria. Wastes from vehicle
traffic in developed areas include metals, hydrocarbon
compounds, and dissolved nitrite plus nitrate compounds.
Disturbance of natural riparian vegetation by construction
activities or permanent land-use changes often results in
increased bank erosion, which elevates concentrations of
suspended sediment in the stream. In addition to increas-
ing turbidity, which is aesthetically unpleasing and may be
harmful to aquatic life, suspended sediment can enhance
the transport of constituents such as metals, phosphorus,
and organic compounds that tend to associate with solid-
phase materials.

A second mechanism by which land-use practices can
affect water quality is alteration of the hydrologic response
of an area through land development. Increased impervi-
ous areas such as roof tops, roadways and parking lots
reduce infiltration into the subsurface. Storm runoff thus
travels more directly to streams, and the potential attenua-
tion of harmful constituents and peak discharges afforded
by movement through the subsurface is decreased.
Mastin (1996) provides a more detailed discussion
of the effects of land development on hydrologic response
within the Clover Creek Basin.
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Wastewater Disposal

Because of the extensive use of subsurface on-site
disposal systems to dispose of domestic waste water pro-
duced in the study area, effluent from these systems is con-
siderable and ultimately reaches the shallow ground-water
system. Although the ground-water flow system in the
basin is not well understood at this time, Brown and
Caldwell Consultants (1985) suggest that it is highly com-
plex and that ground-water discharge to Clover Creek
occurs in some areas. As will be shown, streamflow data
collected by Mastin (1996) and streamflow and water-
quality data collected as part of this study support this the-
ory. Wastewater disposed of in the subsurface is, there-
fore, a potential source of local surface-water degradation.

Much of the stormwater runoff generated from imper-
vious surfaces in developed areas is collected and routed
to either streams or drywells. Runoff routed directly to
streams is an obvious source of constituents that may
threaten water quality, and similar to the on-site waste-
disposal systems discussed above, stormwater runoff dis-
posed of in subsurface drywells can also eventually affect
water quality in streams.

Lakes

Lakes can substantially affect water quality because
of their hydraulic effects. In most cases, once water enters
a lake, its velocity decreases, and its capacity for carrying
suspended materials is therefore reduced. As a result, sus-
pended materials and species such as phosphorus, metals,
and organic materials that are associated with solid-phase
materials often settle to the bottom and are removed from
the water column. Reduced water velocity also leads to
increased hydraulic residence time in lakes, which allows
mixing of dissolved constituents and equilibration
between water and air temperatures. In addition to attenu-
ating short-term, small-scale changes in water quality and
discharge, reduced velocities and long residence times are
favorable for the growth of a variety of organisms.

The effects of biological activity on the water quality
of lakes can be considerable. The excreta of ducks, for
example, can be a significant source of phosphorus to lake
waters. Microorganisms, such as algae, utilize dissolved
nitrogen and phosphorus compounds and other elements
essential for life. When these organisms die and decay,
soluble compounds are released and thus become avail-
able to other organisms. Much of the material that settles
to the bottom is either utilized by benthic organisms or
bound to bottom sediments. In lakes that stratify and



undergo seasonal turnover, nutrients incorporated in bot-
tom sediments are periodically mixed back into the water
column. Some of the nutrients associated with these sedi-
ments are then released and are once again available to
organisms in the water column. Thus, once elements are
incorporated into biomass, they may remain within the
lake rather than be flushed out, providing an ongoing
source of nutrition to lake biota.

Change in pH resulting from biological activity can
also influence water quality in lakes. Chemical reactions
associated with photosynthesis and respiration alter pH in
a complex manner. In turn, pH affects water quality
through its influence on chemical equilibria. One example
of this phenomenon is the equilibrium between un-ionized
ammonia (NH ) and the ammonium ion (NH4+ ):

NH3‘H20‘_’NH4++ OH . 1)

The relative abundance of these two ammonia species
depends on pH, with the un-ionized form being favored at
higher pH’s and the ammonium ion being favored at lower
pH’s. Therefore, because the deleterious effects of ammo-
nia on higher aquatic organisms are believed to result from
the NH, species, ammonia toxicity is highly dependent
on pH.

The solubility of metals is also influenced by pH.
Elevated pH’s, which commonly occur during times of
peak biological activity, favor the formation of solid-phase
metal hydroxides and organometallic complexes. Con-
versely, decreases in pH favor the dissolution of metals.
Because solid-phase materials tend to accumulate in bed
sediments and dissolved metals are more readily trans-
ported and available to biota, pH is a critical factor gov-
erning the toxicity of metals in aquatic environments.

Water Quality in Subbasins and
Catchment Areas

The basin characteristics believed to affect water
quality most significantly—surficial geology, land use,
wastewater-disposal methods, and the presence of lakes—
differ considerably among the four subbasins and three
catchment areas within the study area. The following sec-
tions will, therefore, discuss the water-quality characteris-
tics of each subbasin and catchment area separately. Most
of the data are grouped into three categories for each
site—base-flow, storm-flow, and 24-hour-study measure-
ments—and are presented graphically. However, water
samples for metal analyses were collected less frequently
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than those for most constituents, and bed-sediment sam-
ples were collected only once at selected sites. These data
are therefore summarized in tables.

Upper Clover Creek Subbasin--
Sites 330, 355, and 360

Two important characteristics of the Upper Clover
Creek subbasin, in terms of their effects on water quality,
are the glacial outwash materials that dominate the subba-
sin’s surficial geology (fig. 3) and the extensive area still
served by subsurface waste-disposal systems (fig. 5).
Landscaping activities, particularly the use of fertilizers,
may also have a substantial effect on water quality in the
subbasin. The highly permeable nature of the glacial out-
wash material allows rapid infiltration and promotes con-
siderable interaction between surface and ground water.
As will be discussed, data collected from Upper Clover
Creek indicate that this interaction has a strong influence
on the quality of water in this subbasin.

Relatively little change in either stream discharge or
the concentrations of water-quality constituents was
observed in this subbasin between base- and storm-flow
conditions (figs. 7-10). This lack of change was particu-
larly noticeable at site 330, the most upstream site in the
subbasin. The most probable reason for this behavior is
that site 330 lies within a ground-water discharge area, and
even during storms most discharge results from ground
water rather than surface runoff. Several specific factors
indicate that ground water is the major source of stream-
flow at site 330.

One indication that streamflow at site 330 results pri-
marily from ground-water discharge is that stream dis-
charge measured during storms was not substantially
greater than that measured during base-flow conditions
(fig. 7). This attenuated response to rainfall indicates that
precipitation infiltrates readily through the highly perme-
able glacial outwash materials that dominate this subbasin,
entering the ground-water system rather than following
more direct surface or shallow subsurface pathways to the
stream channel. Furthermore, because ground-water flow
is relatively slow and subsurface pathways are long, ample
time and distance are available for the dispersion process
to mix infiltrating water with existing ground water. As a
result, short-term temporal and small-scale spatial varia-
tions in water quality are attenuated, and many properties
tend to be stable, reflecting only long-term, large-scale
changes. This phenomenon is likely responsible for the
steady nature of specific conductance, nutrient concentra-
tions, and temperature observed at this site (figs. 7-10).



A second indication that ground water is the major
source of streamflow is that ammonia concentrations at
site 330 were among the lowest measured in the entire
Clover Creek Basin, whereas the dissolved nitrite plus
nitrate concentrations were among the highest (fig. 8).
(Direct comparisons of water quality in all subbasins and
catchment areas are provided in a later section). These
concentrations are also consistent with a ground-water
source. Although fertilizer leachate and on-site waste-dis-
posal systems can be significant sources of ammonia,
ammonia is readily oxidized first to nitrite and then to
nitrate by nitrifying bacteria. Such bacteria are ubiquitous
in the subsurface, and the long travel times associated with
ground-water flow allow ample time for biodegradation
processes to convert ammonia to nitrate. A second means
by which ammonia is lost from solution is adsorption of
the ammonium ion to clay minerals. As a result of these
two mechanisms, ongoing subsurface sources of ammonia
can result in down-gradient ground water characterized by
low ammonia and high dissolved nitrite plus nitrate con-
centrations.

Another indication that ground water contributes sub-
stantially to streamflow at site 330 is the low concentra-
tions of suspended sediment measured there, which were
consistently less than 5 mg/L (milligrams per liter) (fig. 7).
The filtering capability of porous media and the low veloc-
ities typical of subsurface flow allow very little suspended
material to be transported through ground-water systems.
As aresult, suspended-sediment concentrations in streams
are typically low in reaches dominated by ground-water
discharge. Because a large portion of the phosphorus in
aquatic systems tends to be bound to solid-phase materials
such as the aquifer matrix or suspended sediment, low sus-
pended-sediment concentrations may partly account for
the relatively low concentrations of total phosphorus
observed at site 330 (fig. 9). In contrast, total ammonia
plus organic nitrogen concentrations (fig. 8) were not par-
ticularly low at this site, even though a considerable por-
tion of this material likely consists of large, hydrophobic
macromolecules that are commonly assumed to be readily
sorbed and thus relatively immobile in porous media. This
contrast between the observed concentrations of total
phosphorus and total ammonia plus organic nitrogen may
be explained by the work of McCarthy and others (1993),
which indicates that natural organic matter in ground
water quickly approaches equilibrium with the immobile

20

solid phase. As equilibrium is approached, the rate of des-
orption from the solid phase approaches the rate of sorp-
tion. As a result, natural organic matter can be readily
transported by ground water when long-term sources are
available. In addition, aquatic organisms and riparian veg-
etation likely act as local surface sources of organic nitro-
gen.

Bacteria counts at site 330 were observed to increase
somewhat during storms (fig. 10), but were, nonetheless,
among the lowest in the entire basin. These low numbers
indicate that direct surface runoff from developed parts of
the subbasin does not contribute substantially to flow at
this site because wash off and short travel times associated
with such surface runoff generally result in high numbers
of fecal coliform and fecal streptococci.

Metal concentrations at site 330 were relatively low in
both the water column (table 4) and stream-bed sediments
(table 5). Concentrations of all elements measured in bed
sediment at this site fell within the range of 95 percent of
western United States soils (Severson, Wilson, and
McNeal, 1987). These low concentrations can be attrib-
uted to two factors. First, moderate to high concentrations
of metals generally do not result from rural areas such as
the upper part of the subbasin. Second, the mobility of
metals in ground water is low due to both sorption to aqui-
fer materials and precipitation as solid-phase minerals.
Therefore, because ground water is likely a major source
of streamflow in the subbasin, even if sources of metals
are present in the subsurface (for example, on-site
waste-disposal systems and drywells), it is likely that a
considerable portion of these metals will be immobilized
before reaching streams.

Finally, a comparison of historic ground-water quality
with current surface-water quality at site 330 provides
additional evidence that implicates ground water as the
source of streamflow at this site. Littler, Aden, and
Johnson (1981) and Brown and Caldwell Consultants
(1985, 1991) attributed nitrate and chloride concentra-
tions in local ground water to effluent from on-site
waste-disposal systems. Similar concentrations of dis-
solved nitrite plus nitrate and chloride were measured at
site 330 during this study. Specific-conductance values
measured during the current study were also similar to
those measured historically in ground water.
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Figure 9.--Concentrations of dissolved orthophosphate and total phosphorus at three sites in the
Upper Clover Creek subbasin, 1991-92. (Data reported as less than the laboratory reporting limit
have been arbitrarily assigned a value of one half that limit.)
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Table 4.--Observed range of total-recoverable metal concentrations in the Clover Creek Basin, 1991-92

[Number in parentheses indicates the total number of samples analyzed; <, less than]

Copper Lead Zinc
Subbasin Site (ug/L) (ug/L) (ug/L)
Upper Clover Creek 330 3 <l-<1 (2) 10-20 (2)
355 2 <1-31 () <10-20 (2)
North Fork 370 1- 4 (3) <1-6 @& 20-40 &)
395 4- 6 (3) 4-12 4 30-110 (4)
400 3-23 (3) 2-11  (5) 20-140 (5)
Spanaway 452 6 (1) <l-<1 (2) <10-30 (2)
460 3-3 (2 <1-3 (3 10-20 (3)
480 3- 4 (2) 1-6 (3 <10-50 (3)
Lower Clover Creek 430 3-10 4) g8-14 (5 20-60 (5)
500 3-4 (3) 2-10 &) <10-30 (4)
602 3 (D <1- 8 (2) 30-40 (2)
Catchment areas 340 5-5 (2 10-54 (2) 20-50 (2)
365 <l- 4 (2) 1-2 2 10-20 (2)
380 4-9 (3) 1-13 (3 20-40 (3)

At site 355, the next site downstream from site 330,
somewhat different stream-discharge and water-quality
characteristics were observed. For example, discharge
data (fig. 7) show that flow increases appreciably at site
355 during storms. The lower values of specific conduc-
tance and chloride (fig. 7) measured during these high-
flow periods indicate dilution by a source other than
ground water. Because of the high (hourly) frequency of
data collection, discharge and specific conductance data
from the automated monitor located at site 355 (fig. 11)
show this trend more clearly than the data collected manu-
ally (fig. 7): rapid, short-term rises in the discharge hydro-
graph correlate well with sharp drops in specific
conductance. Although the period of record is short, the
data also suggest the presence of a longer-term seasonal
trend: conductance is slightly more diluted in the winter
months, when precipitation rates are higher, than during
the drier summer months. These differences between
storm- and base-flow conditions indicate that, in addition
to ground-water discharge, streamflow at site 355 includes
a surface or shallow subsurface runoff component during
rainfall. Increased runoff from impervious surfaces is to
be expected in this area because of the greater urbaniza-
tion that occurs downstream of site 330. Surface or shal-
low subsurface runoff is also expected from the area
northeast of site 355, which is underlain by low-perme-
ability glacial-till deposits. Increases in suspended sedi-
ment (fig. 7), dissolved orthophosphate and total
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phosphorus (fig. 9), and fecal streptococci (fig. 10) levels
that occur during rainfall also indicate that storm-flow
discharge at site 355 includes a substantial surface-runoff
component.

Even under base-flow conditions, discharge at site
355 is considerably higher and dissolved nitrite plus
nitrate concentrations are slightly elevated relative to site
330. The increased discharge is likely due to a combina-
tion of additional ground-water discharge along the stream
reach between the two sites and inflow from an unnamed
tributary that enters Clover Creek between sites 330 and
355 (fig. 6). Inflow from this tributary is also a likely
source of additional dissolved nitrite plus nitrate because it
drains an unsewered residential area underlain by rela-
tively impermeable glacial till materials.

The elevated summer temperatures recorded at site
355 (figs. 10 and 11) can be attributed to the pooling of
water in the vicinity of the site. This pooling reduces the
stream velocity and allows the water temperature to
approach equilibrium with the warmer, overlying air.
These higher water temperatures promote biological
growth and the associated processes of photosynthesis and
respiration. Because these processes are influenced by
sunlight and temperature, they have a pronounced diurnal
cycle, which explains the periodic fluctuations in pH
(fig. 12) and the broad range of dissolved-oxygen concen-
trations observed during the September 1991, 24-hour
study (fig. 13).



Discharge data show that in the lower part of the sub-
basin, Clover Creek changes from a ground-water dis-
charge area to a ground-water recharge area and the
elevated discharges observed at site 355 dissipate before
reaching site 360 (fig. 7). Downstream from site 360,
channel losses continue, and discharge in this part of the
stream often ceases completely during the summer

months. Although discharges differ considerably, water-
quality characteristics are generally similar between sites
355 and 360. However, the creek passes through a marshy
area just upstream of site 360. The long residence time
and high productivity of water in this marsh lead to a
broader range of water temperatures and elevated pH at
site 360 (fig. 10).

Table 5.--Elemental composition of fine-grained (less than 63 micrometers in diameter) streambed-sediment

materials in the Clover Creek Basin, 1991-92

[ug/g, micrograms per gram; <, less than]

Element! Site 330 Site 480 Site 500 Site 602
Aluminum (percent) 31 3.7 39 34
Barium (ng/g) 190 210 240 190
Calcium (percent) 1.9 1.7 1.5 1.4
Cerium (ug/g) 9 14 17 12
Chromium (pg/g) 65 58 70 58
Cobalt (ug/g) 5 7 9 7
Copper (ug/g) 25 94 60 53
Gallium (ug/g) 6 8 8 6
Iron (percent) 1.1 1.9 1.8 1.4
Lanthanum (ug/g) 7 9 11 9
Lead (ng/g) 23 90 170 180
Lithium (ug/g) 10 16 13 11
Magnesium (percent) 0.53 0.61 0.61 0.56
Manganese (ug/g) 310 650 440 330
Molybdenum (pg/g) <2 <2 3 3
Neodymium (ug/g) 8 9 12 9
Nickel (ug/g) 19 23 31 26
Phosphorus (percent) 0.12 0.19 0.19 0.17
Potassium (percent) 0.37 0.42 0.43 0.40
Scandium (ng/g) 5 7 8 6
Silver (ug/g) <4 <4 6 <4
Sodium (percent) 0.88 091 0.86 0.73
Strontium (ng/g) 170 170 170 140
Titanium (percent) 0.17 0.22 0.23 0.18
Vanadium (ug/g) 46 52 57 44
Yttrium (ug/g) 8 10 12 11
Zinc (ug/g) 59 610 210 190

10Observations at all sites were below the laboratory reporting limit for arsenic, beryllium, bismuth, cadmium,
europium, gold, holmium, niobium, tantalum, thorium, tin, and uranium.
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Figure 11.--Instantaneous discharge, specific conductance, and temperature at site 355, Upper Clover Creek
subbasin, 1991-92. (Specific conductance and temperature data were collected by an automatic sampler.)
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Figure 13.--Dissolved oxygen, 5-day biochemical-oxygen demand, and ultimate biochemical-oxygen
demand at two sites in the Upper Clover Creek subbasin, 1991-92,

Finally, water-quality data collected during the cur-
rent study were compared with available historical data in
order to assess long-term trends in the subbasin. During
the 1960°s and 1970’s, water-quality data were collected
by the Washington State Department of Ecology
(Ecology) (Littler, Aden, and Johnson, 1981) at site 300,
located just upstream of current site 355 (fig. 6). Graphical
comparisons between these historical data and data col-
lected during the current study are presented for those con-
stituents for which comparable data sets are available
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(fig. 14). Chloride concentrations have changed substan-
tially; current levels are approximately twice as high as
those measured in the early 1960’s. Specific conductance
has also increased approximately twofold, and intermedi-
ate data from the 1970’s suggest the increase has been
gradual. Both total and dissolved phosphorus concentra-
tions have decreased, probably due to their reduced use in
soap products. Total ammonia plus organic nitrogen con-
centrations have also decreased somewhat, but the reason
for this is not clear.



DISSOLVED

TOTAL AMMONIA PLUS  SPECIFIC CONDUCTANCE,

Figure 14.--Specific conductance and concentrations of total ammonia plus organic nitrogen, dissolved
orthophosphate, total phosphate, and dissolved chloride at site 300, 1962-64 and 1970-71, and at

site 355, 1991-92, Upper Clover Creek subbasin.
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Spanaway Subbasin--Sites 452, 460, and 480-

As in the Upper Clover Creek subbasin, no large tem-
poral variations in water quality or stream discharge were
seen in the Spanaway subbasin. In this subbasin, however,
these effects can be attributed to the presence of Spanaway
and Tule Lakes rather than to the effects of ground water.
Lakes can have a significant effect on water quality
because of settling of suspended materials, mixing of dis-
solved constituents, and biological activity, as indicated by
the data collected from the Spanaway subbasin.

Although stream discharge in the subbasin increases
in response to rainfall (fig. 15), changes are generally
moderate because of the attenuating effects of the lakes.
The largest changes in discharge were seen at site 452,
located at the outflow of Spanaway Lake (fig. 6), and may
be partially due to discharge from several stormwater out-
falls located upstream of the site (fig. 5). The smallest
variations in discharge were observed at site 480, located
on Morey Creek, and this behavior can be attributed to the
distributary itself, which was designed to divert a rela-
tively uniform discharge from Spanaway Creek.

The tight distribution of specific conductance values
measured over the course of the study (fig. 15) illustrates
the hydraulic effects of the lakes. Short-term, small-scale
fluctuations were not observed because of the long resi-
dence time in the lakes, which allows adequate time for
the dispersion process to attenuate concentration peaks.
The hydraulic effects of the lakes are also illustrated by the
behavior of chloride (fig. 15). With the exception of three
anomalously high concentrations, two at site 452 and one
at site 480, chloride concentrations were very stable over
the course of the study. The effect of reduced water veloc-
ity on suspended materials is also reflected in the data.
Concentrations of suspended sediment were consistently
less than 20 mg/L and at the two lake outlets did not
exceed 5 mg/L (fig. 15).

Nutrient concentrations were generally moderate, and
no distinction was clear between base- and storm-flow
conditions (figs. 16 and 17). Concentrations measured duz-
ing the 24-hour study conducted in September 1991, how-
ever, were low relative to those observed throughout most
of the year. These lower concentrations may be attributed
to utilization of available nutrients resulting from
increased biological activity during the warm summer
months and to decreased mobilization of nutrients result-
ing from low-flow conditions.

The variations in pH observed in this subbasin, partic-
ularly at sites 452 and 460, were due to the biological pro-
cesses of photosynthesis and respiration (fig. 18). This is
particularly clear from data collected during the 24-hour
study, which show a diurnal range of approximately 1.5
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pH units. An additional, indirect indicator of biological
activity is the level of biochemical oxygen demand mea-
sured during the 24-hour study (fig. 19). These levels,
which were elevated relative to those measured at other
sites in the basin, were likely the result of an abundance of
organic material in the form of biomass or its degradation
products. Although the oxygen demand at these sites was
high, concentrations of dissolved oxygen measured during
the same period indicate that oxygen was replenished at a
rate sufficient to prevent depletion.

The moderate levels of fecal coliform and fecal strep-
tococci observed in the subbasin (fig. 18) are probably due
to the prolonged residence time of water in Spanaway and
Tule Lakes. The concentrated areas of land development
around the lakes (fig. 4) are very likely sources of consid-
erable numbers of fecal bacteria. However, because these
organisms have limited survival outside of the digestive
tracts of warm-blooded animals, few of those that enter the
lakes would be likely to survive for the time necessary to
travel to the lake outlets.

Copper, lead, and zinc concentrations measured in
whole water samples (table 4) were lower than most of
those measured during the USEPA’s Nationwide Urban
Runoff Program (U.S. Environmental Protection Agency,
1983). Again, these concentrations can be attributed to the
presence of the lakes. Most of the metals that enter the
lakes from surrounding urbanized areas are likely bound
to suspended solids and removed from the water column
by settling. In contrast, bed-sediment data collected at site
480 show elevated concentrations of copper, lead, manga-
nese, and zinc (table 5). With the exception of manganese,
these concentrations exceed those found in 95 percent of
western United States soils (Severson, Wilson, and
McNeal, 1987). Copper, lead, and zinc are commonly
associated with transportation activities and urbanization,
and the concentrations observed suggest that such anthro-
pogenic sources are likely. The presence of Spanaway
Lake may also partially account for the elevated concen-
trations at this particular site. A substantial part of lacus-
trine sediments results from decayed microorganisms, and
the humic materials that form from these sediments are
efficient at binding metals. Sediments in this subbasin
may therefore act as particularly effective scavengers of
metals.

Site 480 was also the only site within the study area at
which any of the selected organic compounds were
detected (Appendix A, table A6). In August of 1991, tet-
rachloroethylene was detected at this site at a concentra-
tion of 0.3 pg/L (micrograms per liter; this is below the
5.0 pg/L maximum contaminant level set by USEPA for
the compound). During additional sampling in January
and March of 1992, however, no organic compounds were
detected at this site.
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Figure 17.--Concentrations of dissolved orthophosphate and total phosphorus at three sites in
the Spanaway subbasin, 1991-92. (Data reported as less than the laboratory reporting limit
have been arbitrarily assigned a value of one half that limit.)
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Figure 19.--Dissolved oxygen, 5-day biochemical-oxygen demand, and ultimate biochemical-oxygen
demand at three sites in the Spanaway subbasin, 1991-92.

North Fork Subbasin--Sites 370, 395, and 400

In contrast to the subbasins discussed thus far, large
differences in stream discharge and water quality occur
between base- and storm-flow conditions in the North
Fork subbasin. These differences are due primarily to the
presence of the low-permeability glacial till that underlies
most of the subbasin (fig. 3). Because infiltration to
ground water does not occur readily through the glacial
till, storm runoff follows more rapid, direct surface or
shallow subsurface routes to stream channels. This results
in substantial increases in stream discharge in response to
storms (fig. 20). Suspended sediment, ammonia, total
ammonia plus organic nitrogen, phosphorus, fecal
coliform, and fecal streptococci levels also increase during
storms, indicating that these species result largely from the
wash off of surface accumulations (figs. 20-23).
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Whereas stream discharge and the concentrations of
many water-quality constituents increase in response to
rainfall, specific conductance and pH decrease (figs. 20
and 23), indicating dilution by rainfall and short residence
times in the subbasin. Precipitation is typically low in spe-
cific conductance and pH, and increases in these properties
result from biological or chemical transformations along
flow paths. Because of the relatively rapid, direct flow
paths typical of storm runoff in this subbasin, adequate
time is not available for these processes to significantly
alter the composition of runoff. The effects of short flow
paths are more evident at site 395 than at site 370, indicat-
ing that the impervious surfaces associated with the
densely developed area drained by Maple Creek have an
even stronger effect than the glacial till in the more rural
eastern part of the subbasin. The effects of these two parts
of the subbasin are integrated at site 400.



The similarity in chloride concentrations observed
during base- and storm-flow conditions (fig. 20) suggests
contributions from both surface and subsurface sources.
However, although the data are not frequent enough to
show a clear, consistent relation between stream discharge
and chloride concentration, they show that both the high-
est and lowest concentrations were observed during
storms. This type of behavior commonly occurs when
highly soluble compounds resulting from urban activities
accumulate on impervious surfaces. Rainfall quickly dis-
solves such compounds, transporting them to receiving
streams as short-term pulses followed by more dilute flow.

Dissolved nitrite plus nitrate also displayed different
behavior patterns in the different parts of the subbasin
(fig. 21). Concentrations were relatively low at site 370
under base-flow conditions, but increased in response to
storms. In contrast, at site 395 dissolved nitrite plus
nitrate concentrations remained relatively high during
both base- and storm-flow conditions. This consistency at
site 395 suggests that a long-term, subsurface source of
nitrogen is available. Such a supply of nitrogen could
result from on-site waste-disposal systems or from the reg-
ular application of fertilizers over an extended period.
Both of these are likely sources in this part of the subbasin.
Although a part of the area is now served by the ULID,
much of the population continues to rely on on-site dis-
posal methods. Furthermore, abandoned on-site waste-
disposal systems still act as long-term sources of nitrogen
and other compounds.

The two parts of the subbasin also show differences in
suspended-sediment concentrations (fig. 20). With the
exception of two particularly high concentrations mea-
sured at site 370, increases in suspended-sediment concen-
trations associated with storms were generally greater at
site 395 than at site 370. This was likely due to erosion
that resulted from alterations in the stream channel and
from disturbance of the riparian vegetation along Maple
Creek during the study period.

Further evidence of the effects of the greater urban-
ization in the part of the subbasin drained by Maple Creek
is provided by the metals data (table 4). Concentrations of
copper, lead, and zinc measured at site 370 were low in
comparison to those measured at site 395. In fact, the
highest zinc concentrations measured over the course of
the study occurred at sites 395 and 400, and the highest
copper concentration was observed at site 400. These ele-
vated concentrations, which included metals associated
with solid-phase materials, occurred at the same times as
high suspended-sediment loads at both sites. These data
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indicate not only that urban activities in the northern and
western parts of the subbasin are a source of metals to the
stream, but also that the suspended-sediment load result-
ing from channel erosion and wash off from impervious
surfaces enhances the downstream transport of these met-
als.

Lower Clover Creek Subbasin--
Sites 430, 500, and 602

Discharges from the three subbasins discussed thus
far flow into the Lower Clover Creek subbasin. The most
upstream site in the Lower Clover Creek subbasin, site
430, receives flow from the Upper Clover Creek and North
Fork subbasins and a large number of stormwater outfalls
that enter Clover Creek upstream of the site. Sites 500 and
602 are located in the downstream part of the subbasin
and, in addition to receiving flow from site 430, receive
flow from the Spanaway subbasin. Water quality at these
sites thus reflects an integration of the factors affecting
water quality in the more upstream parts of the Clover
Creek Basin.

Under base-flow conditions, outflows from the Upper
Clover Creek and North Fork subbasins (represented by
flows at sites 360 and 400, respectively) are similar in
magnitude, and as a result, stream discharge and constitu-
ent concentrations at site 430 typically are intermediate
between those of the two subbasins (figs. 24-27). During
storms, however, increased flow from the North Fork sub-
basin dominates the discharge and water quality at site
430. This dominance is particularly manifested by
increases in discharge, total ammonia plus organic nitro-
gen, total phosphorus, suspended sediment, fecal coliform,
and fecal streptococci, and decreases in specific conduc-
tance. Elevated counts of fecal streptococci and low val-
ues of pH observed during storms indicate additional,
rapid runoff from impervious surfaces along the reach just
upstream of site 430. This explanation is consistent with
the high-density residential and commercial development
that characterizes the Lower Clover Creek subbasin
(fig. 4) and the large number of stormwater outfalls
located along this part of the stream (fig. 5).
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Figure 20.--Instantaneous discharge, specific conductance, and concentrations of suspended sediment
and dissolved chloride at three sites in the North Fork subbasin, 1991-92.

38



3.0 T —T T 0.3 T T T
BASE FLOW BASE FLOW

20 ° - 0.2+ -

151 ' .

oo
o

oo

-0.51 e N

-0 oo
L—O oo
~ 0oo

0.3 T
STORM FLOW

3.0 T T T
STORM FLOW
25 b

DISSOLVED AMMONIA,
IN MILLIGRAMS PER LITER AS NITROGEN

o

151

DISSOLVED NITRITE PLUS NITRATE,
IN MILLIGRAMS PER LITER AS NITROGEN

QD o> 000000
QD@D 000000

-
o
T
WO o000000

000000000 O
O 0000000 ©

— 0000000000 0O ©
L

I
i

370 395 400 370 395 400
SITE SITE

1.50 T T T

BASE FLOW
125 = Laboratory .

reporting limit
1.00 [ 7

0.75 [ o o 7]
o
0.50 - ° ° J

0.25 e 1

1.50 T —T T
STORM FLOW

125 7

o

o

1.00

0.75

O 0O0O0OO0OO0OO

0.50 -

TOTALAMMONIA PLUS ORGANIC NITROGEN,
IN MILLIGRAMS PER LITER AS NITROGEN

0 0 O0O0OO0OO0OCOO

0O o0oo0oo0oo0o0oO

025 T

1 1 1

370 39 400
SITE

Figure 21.--Concentrations of dissolved nitrite plus nitrate, dissolved ammonia, and total ammonia plus
organic nitrogen at three sites in the North Fork subbasin, 1991-92. (Data reported as less than the
laboratory reporting limit have been arbitrarily assigned a value of one half that limit.)
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Figure 22.--Concentrations of dissolved orthophosphate and total phosphorus at three sites in
the North Fork subbasin, 1991-92. (Data reported as less than the laboratory reporting limit
have been arbitrarily assigned a value of one half the limit.)

At site 500 and 602, suspended-sediment (fig. 24),
ammonia (fig. 25), and total phosphorus (fig. 26) concen-
trations during storms were somewhat lower than those
observed at site 430. These lower concentrations may be
partly due to the influence of discharge from the Spanaway
subbasin, which effectively dilutes these constituents.
Reduced concentrations of suspended sediment and total
phosphorus may also be partly attributed to the settling out
of suspended materials that results from decreased stream-
flow velocities just downstream of site 430. Diurnal fluc-
tuations in pH, shown by data from the automated monitor
at site 500 (fig. 28), and the reduction in nutrient concen-
trations observed during the September 1991, 24-hour
study (figs. 25-26) suggest some biological activity and
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may also be partially attributed to flow from the Spanaway
subbasin, where similar behavior was observed. Addi-
tional runoff that enters Clover Creek between sites 430
and 500 includes discharge from several stormwater out-
falls and runoff from McChord Air Force Base. Because
the quality of water from these sources has not been spe-
cifically characterized, their influence on the water quality
in Clover Creek cannot be quantified. Data from the auto-
mated monitor located at site 500, however, show pro-
nounced decreases in specific conductance in response to
increased stream discharge (fig. 29). These decreases are
likely due to the contribution of fresh rainwater from the
extensive impervious areas of the air base.
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